resulting from the sudden expansion of the contents of the pituitary fossa. Such symptoms include increasing headaches, visual changes, cranial nerve palsies, and variable degrees of hypopituitarism. In light of the fact that such patients may also have sellar masses, it is not surprising to know that the latter presentation is often confused with pituitary tumor apoplexy. In fact, in most instances, the diagnosis was confirmed during or after surgery. In our recent review on pituitary tumor apoplexy, 12 we cautioned about this possibility and suggested that a hemorrhage within a RCC can lead to a clinical presentation that is quite similar to that of patients with pituitary tumor apoplexy. 12 In this article, we present our own experience with 11 cases of hemorrhage within an RCC over the past 10 years and review the literature on all confirmed cases. The objective of this article is to provide a comprehensive analysis of the clinical, endocrinological, pathological, and imaging characteristics of hemorrhagic RCC. Based on these characteristics, we propose the use of the term RCC apoplexy to describe this entity.
Methods
This study was prompted by a recent clinical experience involving a woman who presented with minimal headaches and visual symptoms. Based on imaging findings, the presumptive diagnosis of RCC was decided upon, and she was scheduled to have surgery within a few weeks. While waiting to have surgery, however, she presented with a sudden worsening of her headaches and further deterioration of her visual function. Bleeding within the RCC was suspected, and urgent transsphenoidal surgical exploration was performed. The surgery provided visual intraoperative documentation of hemorrhage into the RCC, which was subsequently confirmed by pathological examination.
Because hemorrhage into an RCC is very rare, we retrospectively reviewed our database to document its clinical characteristics. In order to verify cases of this condition, we initially reviewed all cases involving patients with RCC who underwent transsphenoidal surgery over a specific 10-year span (1999-2009) and identified those having hemorrhage within the RCC. The review included clinical presentation, hormonal studies, imaging characteristics, surgical findings, and pathological confirmation of hemorrhage within the RCC. All patients with documented hemorrhage within the RCC were included. Documentation of hemorrhage included direct intraoperative visualization by the surgeon, confirmation by means of histopathological examination of resected tissue, or both. Follow-up data on all patients were also included. In all cases, transsphenoidal decompression surgery was performed by the same surgeon (W.R.S.). The surgical procedure in all cases was done via a direct transnasal approach to the sphenoid sinus as described by Griffith and Veerapen 7 with the aid of the operating microscope. After fenestration and decompression of the cyst, the sellar floor was not reconstructed unless a CSF leak was encountered, and standard means of packing with adipose tissue in the sphenoid was performed. Endocrine evaluation of all subjects was done before, during, and after surgery as previously described. 2 Management of patients in the perioperative period followed the same standards and protocols established at our institution and previoulsy described. 2 
Review of the Published Literature
We reviewed the medical literature using PubMed to search for relevant publications on this entity. In reviewing the literature, we used the following search terms: Rathke cyst apoplexy, Rathke cyst hemorrhage, pituitary apoplexy, and Rathke cyst. Case reports and case series that documented the clinical presentation and confirmed the presence of bleeding into an RCC were selected and were included in the analysis (Table 1) .
Results

The Clinical Characteristics of RCC Apoplexy
Rathke cleft cyst apoplexy is not a common entity, as evidenced by the paucity of published case reports. 3,6,8-10, 14,16-19 At our institution, 7% of surgically treated sellar masses represent an RCC, and RCC apoplexy was the first manifestation in 20% of these cases. The characteristics of patients with RCC apoplexy in published cases are presented in Table 1 . The clinical presentation includes a relatively new, unexplained debilitating and persistent headache or worsening of preexisting one occurring in a patient with a sellar mass (Tables 1 and 2 ). In addition to, or instead of, the sudden headache, other features include new-onset visual symptoms (decreased visual acuity, blurred vision, and visual field deficits), ocular motility disturbances (diplopia), and possibly altered mental status or meningismus. The frequencies of these symptoms among the 10 published cases and our own 11 patients are listed in Table 2 . Severe headaches appear to be the dominant presenting symptom in most cases. The duration of headaches varies from hours to months, with most patients presenting within 1-2 weeks of onset. However, some patients who presented with longer duration of headaches also had worsening of their symptoms shortly before presentation. As shown in Table 3 , the mean age of patients presenting with RCC apoplexy reported on in the literature was 37.0 years (range 8-72 years) and was 40.2 years (range 16-70 years) in our series. Overall, RCC apoplexy was more prevalent in women than in men, with a female/male ratio of 15:5.
Surgery alleviated practically all of the neurological and ophthalmological symptoms and abnormalities.
Imaging Characteristics
As stated earlier, in one of the 11 patients included in our series, an RCC was diagnosed a few weeks before the apoplectic event. The initial presentation included minimal but persistent headaches for over a year until the diagnosis of RCC was suspected ( Fig. 1A and C) . While waiting for surgery, the patient had a sudden increase in her headaches associated with visual compromise that prompted urgent evaluation. An additional MR imaging study (Fig. 1B and D ) demonstrated an increase in the signal intensity of the lesion previously suspected to be an RCC. Hemorrhage within the RCC was suspected and subsequently documented at surgery performed within 2 days of the acute presentation. In our series, as was the case in published case reports, hemorrhage into an RCC appeared as an area of signal hyperintensity on T1-weighted noncontrast images in most of the patients (Figs. 1B and D and 2A and C). Four of 9 patients had signs of sphenoid mucosal thickening, a feature seen often in patients with pituitary tumor apoplexy.
11
Surgical and Pathological Findings
The intraoperative findings were described macroscopically by the neurosurgeon as proteinaceous, xanthochromic, yellowish-to-grayish creamy fluid with sometimes necrotic tissue and blood. The RCC wall was primarily composed of ciliated cuboidal cells. An example of the histological features of this syndrome is shown in Fig. 3A and B. The images show a portion of an RCC associated with autolytic changes, consistent with recent hemorrhage. 
Pituitary Function at Presentation and at Follow-Up
We obtained detailed data pertaining to most of our 11 patients with this syndrome. Our assessment of pituitary function followed the standards and protocols we have published previously in details. 2, 25 The prevalence of pituitary hormone deficits in various publications as well as in our own series of 11 patients is outlined in Table 2. The table demonstrates that despite the apoplectic episode, most patients have minimal or no pituitary hormone impairment. Only 4 of the 11 patients in our series had abnormal hypothalamic-pituitary-adrenal function at presentation, 2 of these 4 recovered immediately postoperatively, and in another, function was found to have returned to normal at follow-up. Although the actual data on adrenal function in the published cases were often not provided, most authors stated that the hypothalamicpituitary-adrenal axis was normal (Table 1) . Four out of our 11 patients had hypogonadism preoperatively, unfortunately only 2 of them had long-term follow-up and they remained hypogonadal. Information regarding preoperative thyroid function was available in 10 of our patients. In these 10, thyroid function was normal preoperatively and remained normal in the postoperative period; the 11th patient had normal thyroid function postoperatively. Most patients (8 of 11) presented with normal serum prolactin levels; 3 patients had mild hyperprolactinemia, which resolved in the postoperative period in 2 of the 3 cases. Diabetes insipidus, an uncommon sequela of pituitary tumor apoplexy 23 developed in 4 patients in the postoperative period and was transient in 2 of these 4.
Discussion
The current study documents the occurrence of hemorrhage into an RCC and the clinical, pathological, and imaging characteristics of patients presenting with this condition. The characteristics are quite similar to and mimic those observed in patients with pituitary tumor apoplexy. In light of these features, we recommend using the term RCC apoplexy to describe the condition of patients with these characteristics. We feel that RCC apoplexy is a distinct clinical entity or syndrome that should be recognized as such. The presenting symptoms of RCC apoplexy are likely due to the sudden expansion of the sellar contents within the bony sella turcica by the hemorrhage within the RCC. This presentation mimics the occurrence of pituitary tumor apoplexy in many respects, but the symptoms appear to be more severe in pituitary tumor apoplexy. 12 In fact, unless one is aware of the previously existence of an RCC, it would be nearly impossible to differentiate hemorrhagic infarction of such a cyst from that of an adenoma, without the advantage of surgical findings and pathological examination of resected The precontrast images demonstrate a sellar mass with heterogeneous signal intensity and a region of increased signal intensity. On the postcontrast images, there was no change in the signal intensity within the mass, although peripheral enhancements surrounding the lesion as well as the dura were noted. The patient underwent surgery and was documented to have hemorrhage within an RCC.
tissue. In our recent review on pituitary tumor apoplexy, we cautioned about that possibility and suggested that a hemorrhage within an RCC can lead to a clinical presentation that is quite similar to that of patients with pituitary tumor apoplexy. 12 A recent report by Binning et al. 3 described the occurrence of similar clinical presentation in a few patients with RCC who were reported not to have had hemorrhage at the time of subsequent surgery. It is not clear whether this truly represented a variation of the syndrome that is associated with nonhemorrhagic RCC. An alternative explanation for the latter presentation is that a hemorrhage did occur with the onset of symptoms but, because surgery in those instances was delayed for several months, resorption of the hemorrhagic contents might have occurred over time. The decrease in the size of the mass in an illustrative case described by Binning and colleagues supports our hypothesis. We therefore suggest restricting the term "Rathke cleft cyst apoplexy" to patients with an RCC who are documented to have clinical or histopathological evidence of bleeding into the cyst.
Rathke cleft cyst apoplexy is a rare entity. [16] [17] [18] [19] To appreciate the prevalence better, one would need to have an estimate of clinically symptomatic RCC, as most of these cysts are truly asymptomatic and are often discovered incidentally. Ross et al. 20 reported a prevalence of 2% of RCC among all patients with sellar lesions treated surgically at their institution. As mentioned earlier, at our institution, 7% of surgically treated sellar masses represent an RCC, with apoplexy syndrome being the first manifestation in approximately 20% of those. It is not clear whether the high percentage of patients with a RCC presenting with apoplexy at our institution represents a biased sample or whether it is an indication of the higher propensity of larger lesions to bleed spontaneously. Larger series of patients with RCC 5, 13, 24 included only a few patients with possible apoplexy.
The final confirmatory diagnosis is made on clinical examination at surgery with subsequent histopathological confirmation. Histological features characteristic of RCC include cuboidal or ciliated columnar epithelium 4, 22 and the lesion often contains goblet, squamous, and basal cells. 5 However in RCCs presenting with hemorrhage, the architecture can be often distorted as is the case also in pituitary tumor apoplexy. Usual findings in RCC with hemorrhage are hemosiderin pigment and lymphocyticplasmacytic infiltrate, cyst hematoma, tissue necrosis, and blood. 9 Oka et al. 15 found granulation tissue and cholesterol crystals along with hemosiderin pigment in their 3 patients with RCC who had a hemorrhage (out of 6 patients with RCC).
The cause of a hemorrhage into an RCC is not known and has not been studied. It is not clear whether blood vessel fragility contributes to the pathogenesis of bleeding into an RCC. The fact that RCCs are lined by a single layer of ciliated cuboidal or columnar epithelium, may make them somewhat fragile and more prone to rupture secondary to minimal arterial pressure variations. Oka et al. 15 also suggested that the thin-walled blood vessels within the granulation tissue that forms within RCCs may be the origin of hemorrhage especially in large cysts. There was no apparent known precipitating factor for hemorrhage (such as trauma or anticoagulation therapy) in any of our cases or in the previously published reports.
No characteristic and consistent MR imaging features have been identified for RCC. The lesions can have low signal intensity on T1-weighted sequences and high signal intensity on T2-weighted sequences or high signal intensity on T1-weighted sequences and variable signal intensity on T2-weighted sequences, depending on the mucopolysaccharide content of the cyst and the presence of hemorrhage or blood clots. 14, 24 Some authors reported that the presence of a posterior ledge of the diaphragm sella is pathognomonic of RCC and that it was absent in cases of hemorrhage into some of the reported RCCs. 9 Byun et al. 4 suggested that the presence of an intracystic nodule on MR imaging may be indicative of an RCC. These nodules appear as mucinous material on histological exam and as cholesterol and protein on biochemical analysis. 4 Their appearance after hemorrhage is not known. Other authors suggest that a sellar epicenter, along with a smooth contour, the absence of calcification, the absence of internal enhancement, and homogeneous attenuation or signal intensity within the lesion, suggests the diagnosis of RCC. 13 Published data on endocrine evaluation in patients presenting with RCC apoplexy are very limited. Most reports provided limited data on pituitary function, making it difficult to provide a thorough analysis. Despite the hemorrhagic episode within the RCC, most patients have minimal or no pituitary hormone impairment, as demonstrated in Table 2 . This is in sharp contrast to the findings in patients with pituitary tumor apoplexy, in which most patients have partial or complete hypopituitarism. 12 Although the mechanism of hypopituitarism in this setting is unknown, it is likely to be similar to that postulated to occur during pituitary tumor apoplexy. 12 In the latter condition, the expanding hemorrhagic mass causes compression of the pituitary stalk and portal vessels. 12 Importantly, resection and decompression is associated with recovery of pituitary function shortly after surgery.
Although asymptomatic incidental RCCs can be followed conservatively, those who present with hemorrhage into an RCC could benefit from surgical decompression. This would be especially true for patients with visual compromise or others with hypopituitarism. The role of conservative therapy using corticosteroids in the acute phase is not known and unlikely to be explored in a large study in light of the rarity of this condition. It is, however, reasonable to recommend initial conservative therapy for patients with minimal or improving symptoms. Transsphenoidal surgery is an effective and safe treatment for RCC apoplexy. No specific preoperative management is indicated unless the patient has preoperative adrenal insufficiency, in which case glucocorticoids should be administered, at least before and during surgery. Patients with RCC apoplexy generally have favorable long-term neurological and visual outcomes. Review of published cases as well as our own experience suggests that recovery of neurological and visual deficits usually occurs immediately after decompressive surgery. Radiation therapy has no role in the management of RCC, even in the absence of apoplexy. Patients with an RCC especially those with RCC apoplexy require long-term follow-up as clinically indicated to monitor pituitary function and because of the potential for recurrence. Recurrence of an apoplectic episode is theoretically possible even though there are no data to indicate that it may occur.
Conclusions
Hemorrhage into an RCC is a rare event that mimics pituitary tumor apoplexy. Hence, we propose the use of the term "Rathke cleft cyst apoplexy" to characterize a syndrome in which patients with an RCC present with a clinical syndrome associated with hemorrhage into the cyst. Clinically, patients with RCC apoplexy present with headaches but can also have visual field loss, decreased visual acuity, diplopia secondary to cranial nerve palsies, and sometimes altered mental status. This condition is difficult to distinguish from pituitary tumor apoplexy unless a patient is known to have an RCC. In contrast to pituitary tumor apoplexy, hemorrhage into an RCC is more prevalent in females, and it is associated with a milder presentation with less significant visual symptoms, less severe pituitary dysfunction, and a smaller sellar mass. Transsphenoidal decompression is recommended in patients with visual compromise and those with pituitary dysfunction. The only confirmatory diagnostic tool is the surgical findings and histopathological confirmation of the diagnosis. Recovery of function is often observed in patients with deficits who undergo urgent surgical decompression.
